S
lipped capital femoral epiphysis (SCFE) is a relatively common pediatric condition in which the proximal femoral epiphysis progressively displaces from the proximal femoral metaphysis. [1] [2] [3] This condition almost always results in a posteroinferior slip of the epiphysis relative to the femoral metaphysis that migrates anteriorly and superiorly. The natural history is for continued movement of the head on the neck of the femur until the physis is stabilized spontaneously or operatively, or growth plate closure occurs.
Historical studies have demonstrated a positive correlation between the severity of the slip and poor outcomes. 4, 5 This condition may lead to important functional issues such as leg-length discrepancy, gait abnormalities, range-of-motion deficits of the hip, and premature pain (arthritis). 2 The consequence of the distorted architectural geometry of the head and its relationship to the acetabulum may contribute to the spectrum of mechanical etiologies, resulting in femoral acetabular impingement and subsequent degenerative disease of the hip in adulthood and its associated morbidities. 2 Previous studies documented the use of fibular allograft in the treatment of slipped capital femoral epiphysis (SCFE) with bone graft epiphysiodesis (BGE). This study describes the results of using a 10-mm diameter premilled fibular allograft packed with demineralized bone matrix placed across the physis in an open surgical approach under image intensification. A review identified 45 cases of BGE using fibular allograft and demineralized bone matrix in 34 patients with a diagnosis of SCFE performed by a single surgeon during an 8-year period. Thirty-four cases (25 patients) had at least 1 year of follow-up and were included in the study. Medical records were reviewed for complications, subsequent surgeries, and time to physeal closure. Of the 34 cases included, there were no cases of acute chondrolysis. Complications included 1 case of bone graft extrusion that required surgical replacement and 1 re-slip requiring surgical stabilization. Five cases of avascular necrosis (AVN) were encountered (1 unstable slip with total head AVN, and 4 stable slips with 3 total head and 1 partial head AVN). In 1 patient, small loose bony fragments were noted on postoperative radiographs that appeared outside of the articular surface of the hip and were asymptomatic. Two patients encountered wound healing issues that resolved with appropriate wound care. In light of the occurrence of AVN in stable cases, BGE with autogenous corticocancellous graft is preferable to BGE with autologous fibular graft for the treatment of SCFE. [Orthopedics. 2016; 39(3):e519-e525.]
The goal of early identification and treatment of SCFE is to attempt to reduce the ill effects on hip morbidity by surgical stabilization of the proximal femoral physis in a position with the least displacement possible and thereby prevent further slippage. Prior histological and immunochemical research by Adamczyk et al 6 demonstrated increased apoptosis within the SCFE physis, suggesting an abnormal and impaired physis. Current surgical options for the treatment of SCFE include in situ pinning, bone graft epiphysiodesis (BGE), and anatomical replacement of the femoral head on the neck.
Traditionally, BGE has been used to promote accelerated growth plate closure, imparting stability and resistance to further displacement. [7] [8] [9] [10] [11] [12] [13] In 2003, Adamczyk et al 7 reported a 50-year successful experience with BGE. At the time of the 50-year review, a transition from autologous iliac crest bone graft to a fibular allograft packed with demineralized bone matrix was initiated in an effort to reduce the incidence (6 of 43 unstable and 17 of 273 stable slips) of re-slipping previously encountered. 7 The use of fibular allograft for the treatment of SCFE was reported by Schmidt et al 14 using a lateral entry site with favorable results. This switch to fibular allograft was for the dual purpose of conferring slip stability and facilitating the closure of the slipped physis. Theoretically, the fibular allograft enhanced with demineralized bone matrix would provide graft stability by its composition of a cortical nature as well as presumed osteoconductive or osteoinductive properties.
Demineralized bone matrix proteins are proteins obtained by the demineralization of human cadaveric bone. In addition, demineralized bone matrix has been shown to stimulate and accelerate the bone fusion bed in mice. 15 In this study, demineralized bone matrix was packed in the fibular allograft and served to provide presumed osteoinductive properties to facilitate growth plate closure.
The purpose of this investigation is to report on the results of placing fibular allograft and demineralized bone matrix across the physis under image intensification at the time of open BGE.
Materials and Methods
A review identified 45 hips in 34 patients with a diagnosis of SCFE treated by BGE with fibular allograft and demineralized bone matrix performed by a single surgeon (D.S.W.) at a single institution from October 2000 to October 2008. Of the 45 surgeries performed, 34 hips in 25 patients (12 males and 13 females) had at least 1 year of follow-up and were included in this study. Nine of the patients had bilateral slipping, although only 3 of these patients presented with bilateral symptoms initially. The average follow-up was 4 years (range, 1-7.7 years). The left hip was involved in 18 cases and the right hip in 16 cases. The average age at surgery was 12.1 years (range, 9.8-14.6 years).
Thirty-one of the hips were classified as stable and 3 as unstable. This determination was made at the time of surgical treatment allowing direct vision of the site of slipping, removing all doubt as to the question of stability. Radiographic classification demonstrated 31 grade I slips, 2 grade II slips, and 1 grade III slip. This determination was made using anteroposterior (AP) and frog-leg lateral radiographs, and the classification system described by Jacobs. 16 Grade I (mild) slips were less than one-third of the diameter of the femoral neck, grade II (moderate) slips were between one-third and one-half of the femoral neck, and grade III (severe) slips were greater than one-half of the femoral neck width.
The surgical procedure used was described previously in detail by Weiner et al. 10, 12, 13 Using an anterolateral approach, an H-shaped incision was made in the hip capsule to expose the femoral neck, head, and slip site. 10, 12, 13 The proximal femoral physis was examined for stability by gently placing the hip through a range of motion, thereby removing any question of the nature of the slipping, an issue that can exist if symptoms and physical findings alone are used. 7 A cylindrical tunnel 10 mm in diameter was created by a cored reamer spanning across the physis from the metaphysis of the neck into the bony epiphysis 7 (Figure 1) . The core of tissue removed encompassed metaphyseal bone, physis, and epiphyseal bone. 7 A premilled 10-mm fibular graft filled with demineralized bone matrix was driven like a "peg" across the physis and into the femoral head. 7 The allograft was advanced under fluoroscopic image intensification across the tunnel made by the cored reamer and across the proximal femoral physis into the epiphysis bridging the physis 10, 12, 13 ( Figure 2) .
Operative time averaged 87 minutes (range, 49-129 minutes). Estimated blood loss averaged 148 mL (range, 70-300 mL). None of the patients in this series required a blood transfusion. Average hospital stay was 3 days (range, 1-6 days).
Patients with unstable slips were discharged with a full long-leg hip brace with pelvic band and held in 70º of flexion, 30º of abduction, and slight internal rotation. The brace was worn for 6 weeks in a reclining wheelchair. Patients with stable slips were allowed to ambulate with crutches non-weight-bearing and were discharged within 48 hours after surgery. The advancement of weight-bearing and activity status was made by the treating surgeon on the radiographic appearance of a surgically stabilized physis. On average, patients were advanced to touchdown or partial weight-bearing 36 days (range, 9-337 days) after surgery; walking without crutches 98 days (range, 29-470 days) after surgery; and full running, jumping, and contact sports 13.3 months (range, 3.0-35.9 months) after surgery.
Routine follow-up examinations occurred every 2 months in most cases. Standard AP and frog-leg lateral radiographs were obtained at every follow-up clinic visit. Radiographs were scrutinized for cases of avascular necrosis (AVN), acute chondrolysis, and re-slippage. The time to 50%, 75%, and 100% physeal closure on AP and frog-leg lateral radiographs also was determined. Patient charts were reviewed for descriptive data, complications, and subsequent surgeries.
results
Outcomes and demographics for all of the cases in this series are summarized in the Table. Of the 34 BGE procedures included in this study, there were no cases of acute chondrolysis. There was 1 case of bone graft proximal extrusion, which required readmission and replacement of the graft across the physis. The graft was stabilized across the physis using a staple (Figure 3) . This patient went on to a fibrodesis of the physis and required a subsequent pinning and osteotomy within 14 months of the index surgery.
There was 1 case of re-slip (3%) that required closed reduction with open screw fixation 25 months following the index surgery. Five cases of AVN (15%) occurred in this study (Figure 4) . One case of AVN occurred in an unstable slip without subsequent surgeries with an average follow-up of 4.5 years. Four cases of AVN occurred in stable hips; 3 of these cases involved the total femoral head, and 1 case was partial AVN. Of the 3 cases that involved the total femoral head, 2 required subsequent surgeries, and 1 of these cases will require total hip arthroplasty in the future. In the partial AVN case, the patient remained asymptomatic through the latest follow-up examination at 1.6 years.
In addition to the complications noted above, 1 patient demonstrated small loose bony fragments on postoperative radiographs that appeared outside of the articular surface of the hip and were adjacent to the entry site of the graft (Figure 5 ). These were presumed to represent fracture fragments that sequestrated from the graft. One patient developed a wound infection, and 1 patient developed a superficial bedsore; these both resolved with appropriate wound care. Two patients went on to have surgical realignment osteotomies intended to improve the femoroacetabular joint mechanics.
The average time to 50% closure of the physis on the AP and frog-leg lateral radiographs was 5 months (range, 1-13 months and 1-25 months on AP and frogleg lateral radiographs, respectively). The average time to 75% closure of the physis on the AP and frog-leg lateral radiographs was 8 months (range, 2-25 months and 1-25 months on AP and frog-leg lateral radiographs, respectively). Complete closure on AP and frog-leg lateral radiographs averaged 12 months (range, 2-32 months) and 13 months (range, 2-32 months), respectively. Allograft remained visually present on the radiographs of all of the hips treated for at least 2 years despite physeal closure.
discussion
One of the primary goals of this procedure is the facilitation of physeal closure. Ultimate stability from surgical treatment by any method does not occur until the physis sufficiently closes. The degree of partial closures has never been directly related to resistance to further slipping and is currently unknown. Closure of 50% or more seems reasonable but is merely a presumption. Although this study does not directly compare this method with that of metallic stabilization, it is proposed that the demineralized bone matrix may provide an added stimulus to facilitate early growth plate closure. In this series, the average time to complete closure was 13 months; in their series, Stanton and Shelton 17 reported an average time of 12 months for 75% closure with metallic fixation.
No case of acute chondrolysis was encountered in this series. In the current authors' 50-year review, it was discussed that the tunnel for the graft may provide an additional avenue for the transit of nutrients to the epiphyseal side of the physis or may somehow positively affect the diffusion of nutrients across the articular cartilage subchondral bone interfaces, although speculative, to minimize the chance for acute chondrolysis. 7, 10, 12, 13 It is the current authors' belief that the cortical fibular In 2003, the results of the current authors' 50-year experience with BGE in the treatment of SCFE were presented, and the operative technique was described. 7 In 225 patients with 278 hips with chronic stable SCFE, a 1.4% AVN rate was encountered without a single case of chondrolysis, and 17 cases of reslipping occurred. In 43 patients with 45 hips affected by unstable SCFE, only 3 cases (6.7%) of AVN occurred. Experience to date has demonstrated that BGE with autogenous corticocancellous grafting is safe, reliable, and effective in the treatment of SCFE.
The 15% incidence of AVN encountered in the current study is higher than that reported in the 50-year review using an iliac crest bone graft technique. Avascular necrosis in a stable slip is rare and is most likely iatrogenic, a finding that is disturbing. The current authors are unaware of a documented case of AVN for a stable, untreated hip. The literature on SCFE encompasses myriad articles describing the use of metallic internal fixation. The comparison in this article was not with metallic internal fixation but with the original procedure using autogenous cortical cancellous grafts. In their reports, Trueta and Harrison 18 and Brodetti 19 described the vascular anastomoses and the capillaries and venous channels in the femoral head. These anastomotic channels are likely directly responsible for the cases of AVN, and these anastomotic channels are vulnerable to interventions by metallic internal fixation devices and the fibular allograft. In addition, neither technique delivers new vascular channels for revascularization, which the current authors believe autogenous bone grafts may impart. The vascular arrangement may vary by vulnerable locations from patient to patient in an individualized pattern. The current authors believe that BGE with autogenous corticocancellous grafts is the preferred method of treatment.
One of the disputed arguments against BGE is the magnitude of blood loss and the magnitude of the surgery. 20 None of the patients in the current study required a blood transfusion after surgery. The use of allograft has reduced operative blood loss and lowered morbidity insomuch as the iliac crest autograft is not harvested. Time in the operating room also has been mentioned as an argument against this procedure. The current authors' data have supported an average operative time of 87 minutes. 
conclusion
In light of the occurrence of AVN in stable cases, BGE with autogenous corticocancellous graft is preferred over BGE with autologous fibular graft for the treatment of SCFE.
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